Despite the plethora of information on human gait analysis, its continued use as a clinical tool remains uncertain. Analysis of gait dysfunction has become integral to podiatric medical practice, and, like many specialized fields, it is rapidly changing to meet the needs of the future. Practice in the 21st century is predicated on the concept of multidisciplinary working approaches and a growing trend toward evidence-based practice, in which gait analysis could play a prominent role. This article provides a historical synopsis of instrumented gait analysis and its associated subcomponents and discusses the salient issues concerning its future role in podiatric medicine. (J Am Podiatr Med Assoc 95(2):
on the need to maintain a stable column, symmetry, and integrated synchronous movements. A variety of conceptual approaches have been established to understand normal gait and the related terminology from both orthopedic 3, 4 and podiatric medical 5 perspectives. Understanding the basic principles of normal gait provides a foundation for understanding pathologic and compensatory gait deficits. In 1898, Von Beyer introduced the concept of a "closed kinetic chain" representing the musculoskeletal system of the lower extremities. 6 This lower kinetic chain is considered by Donatelli 7 to comprise the lumbar spine, pelvis, hip, knee, ankle, foot, and subtalar and metatarsophalangeal joints. Oatis 8 describes the complex, interdependent relationship of how a structure affects the motion of a body part, how its motion affects the forces applied to the structure, and, finally, how the forces in turn influence the structure. For example, the talocalcaneal joint produces three-dimensional (3-D) motion of the rearfoot that leads to intricate loading patterns (forces) on the calcaneus and talus that could predispose to structural pathology in susceptible individuals.
The foot is a complex, multiarticular structure consisting of 26 bones, 33 joints, and more than 300 soft-tissue structures. It is regarded as the terminal structure in the kinetic chain, and it plays a pivotal role in that it essentially dissipates compressive, tensile, and shear forces while simultaneously permitting rotary motions during the stance phase of gait. A basic principle of podiatric medical biomechanics states that the foot should function as a shock absorber, a mobile adapter, and, finally, a rigid lever. Few individuals meet the musculoskeletal criteria of normalcy of the lower kinetic chain. 9 For example, inadequacies of the foot can have a profound effect on the more proximal joints, such as the tibiofemoral and patellofemoral joints, and on the lumbar spine and sacroiliac joint complex. In contrast, intrinsic pathologies of the knee, such as anterior cruciate ligament deficiency, influence the thigh-to-foot angle 10 and foot pronation. [11] [12] [13] Familiarity with such interrelationships enables clinicians to enhance their clinical assessment and treatment outcomes.
An unprecedented wealth of knowledge and burgeoning interest in health care have led to increasing specialization in many fields, and podiatric medicine is no exception. A move toward multidisciplinary approaches to health care has evolved during the past few decades, with teams often led by a consultant physician or surgeon and comprising a combination of highly skilled health professionals. Podiatric physicians concern themselves with a multitude of systemic disorders that manifest in the lower extremities as well as with conditions characteristic of the foot and ankle. For example, the podiatric physician is often a prominent member of the diabetic or rheumatoid team because plantar pressure measurement is often used for certain assessment strategies. From a professional perspective, inherent in the concept of such a team is the assumption that each member has a clear understanding of the role of all other members. Interestingly, McGee and Ashford 14 reported that 50% of nurses were not aware that podiatrists undertook gait analysis. There is no doubt that multidisciplinary teams are a fundamental aspect of a variety of patient groups, which continues to increase the quality of care for the patient 15 and, therefore, should be encouraged.
During the early 1970s, Archie Cochrane popularized the concept of evidence-based practice, which is defined as the "conscientious, explicit and judicious use of current best evidence in making decisions about the care of patients." 16 Arguably, such a precept of decision making is modifying many healthcare policies. In the United Kingdom, A First Class Service: Quality in the New NHS 17 states that "evidence based practice must be in every day use," along with other factors of clinical governance and lifelong learning for all health professionals, which in turn will influence health information providers and services.
In today's parlance, the phrase "evidence-based practice" has become ubiquitous, essentially challenging clinicians to discover the balance between science and clinical results. Instrumented gait analysis has been shown to be an excellent method of demonstrating change in overall treatment philosophies of disease. [18] [19] [20] [21] [22] [23] Despite the mystifying deluge of technical jargon of the 21st century, it is important to consider a statement by Holzreiter and Kóhle 24 : ". . . gait is merely not a mechanical problem, it is a personal expression." From a distance, even the untrained eye can recognize friends and family by the way they walk. Gait analysis originated primarily through basic descriptions of the gait cycle and, arguably, used to be a guessing game.
The scientific foundations of gait analysis evolved because of the inability of the human eye to measure the many interrelated components of bipedal gait. The human eye cannot perceive events that occur in less than 1/12 of a second. 20 Saleh and Murdoch 25 suggest that visual observation is unreliable. During their study, the observers recorded only 22% of the predicted gait deviations. In addition, they were unable to comment on 16% of all required observations. Gait is defined as "a style of walking," and analysis comes from the Greek word analyein, meaning "separation into component parts." 26 Essentially, this is what gait analysis involves: using different measurement techniques to describe individual moments and motions (kinematics, kinetics, etc) that are building blocks of normal gait. By using gait-analysis tools, for example, a clinician can objectively compare specific aspects of a patient's gait pattern in cases of presurgical and postsurgical intervention. Gait analysis is thought to reduce comparative assumptions based on previous subjective ideas of how patients walked before treatment intervention. However, by its very nature, gait analysis reduces the dynamic complex of human gait to a static presentation, usually graphs and tables. Such a component prevents the human eye from using its exquisite capabilities of global pattern recognition. 27 In the podiatric medical setting, the computergenerated printout that accompanies selected parameters, such as peak pressures at the medial forefoot, is regarded only as a guide. The final decision concerning abnormal mechanics is left up to the podiatric physician. Perhaps our ability to observe and interpret measurements of human movement has been a primary factor limiting the growth of the field.
The integration of elegant engineering, advances in instrumentation, and imaging techniques, together with the continuous evolution of computer technology, have propelled the art and science of human movement analysis beyond basic description toward a prominent role in surgical decision making, orthosis design, rehabilitation, ergonomics, and analysis of the athletic patient. The aims of this article are to discuss the fundamentals and related foundations of gait analysis and to provide a critique of existing methods and future directions in the study of human walking, with particular reference to podiatric medicine. One of the goals of human walking is to move the body forward in an energy-efficient manner. Selected walking velocity allows a minimum amount of energy to be used per distance traveled. Any deviation from normal walking velocities results in an increase in energy expenditure, such as demonstrated in step-page gait. Energy consumption or metabolic analysis replicates the physiologic "energy cost" of human walking. 37 Traditional measures used are heart rate (telemetry), oxygen consumption, and the generation of total carbon dioxide (Douglas air bag). Such parameters are viewed in terms of velocity and distance walked during the collection period. Until recently, patients walked on a treadmill while data were recorded. However, recent research has found that the treadmill alters certain gait parameters, and measurements are now taken with patients free-walking at their own selected velocity, thus encouraging a natural cadence. Despite informing the investigator of the energy disbursement relative to a patient's gait pattern, such information fails to demonstrate why and how a disadvantage or advantage was obtained. Waters and Mulroy 2 reported how a patient with a Syme amputation used less oxygen than someone with a transtibial amputation, but they failed to describe the reasons for this phenomenon.
In podiatric medicine, it is thought that foot orthoses have a role in improving energy consumption. 38 However, it is theorized that the improvement in biomechanical efficiency is outweighed by a negative effect of the weight of the orthoses. In general, considering such inherent limitations, other components of gait analysis must be used.
Electromyography Electromyography Electromyography Electromyography
Muscles provide the power required for human walking. The creation of power necessary for human walking is a very complex task. It involves the effective use of body weight falling forward during the step. To change this, muscle action can be used to assist the body's inherent ability to walk efficiently. Muscles act to accelerate, stabilize, and decelerate segments of the body via concentric, isometric, and eccentric activity. 33 Electromyography is the study of muscle function through analysis of the electrical signals emanated during muscular contraction. One drawback of electromyography is that researchers and clinicians fail to provide enough information and detail on the protocols, recording equipment, and procedures to allow other investigators to consistently replicate their studies. 39 Essentially, there are two types of electromyography: clinical (diagnostic) and kinesiologic. 40 Diagnostic electromyography is predominantly conducted by a neurologist or physiologist and undertakes studies of the motor unit action potential. Each motor unit action potential has a firing rate that depends on time and force generation. The
Fourier transform (frequency analysis) is used to assess motor unit action potential firing pulses. This assists, for example, in the diagnosis of neuromuscular pathologies, such as myasthenia gravis, when the action potential fails to reach its peak. 41 Kinesiologic electromyography is predominantly reported in the gait literature and studies muscular function as related to the motion of body segments. This provides the timing of the muscle activity regarding specific joint or segment motion. Additionally, many studies have attempted to examine the strength and the force production of the muscles themselves. Two main types of electrodes are used in kinesiologic electromyography: surface and fine wire. A distinct advantage of surface electrodes is that their application produces no pain or discomfort. In addition, they are easy to affix, are reproducible, and function well with movement applications. However, surface electrodes have a large pickup area, increasing the chances of "cross talk" from adjacent muscles. 37, 40 In addition, only superficial muscles can be assessed using surface electrodes. 42 Fine-wire electromyography requires a needle to be inserted into the belly of the muscle, thus causing potential pain for the subject. The advantage of this method is a more specific pickup area, with isolation of specific superficial muscles. Also, deep, small muscles can be accurately assessed. Despite these advantages, the pain associated with insertion of the fine wires can increase the spasticity of the muscle, resulting in cramping in some cases. The repeatability of insertion of the fine wire is questionable because it is difficult to insert the needle into precisely the same location each time. Electromyographic data are also notoriously difficult to interpret; in addition, identifying correct locations with minimum magnetic effects poses a predicament. In general, the correct locations of the electrodes are achieved by applying the electrodes to the largest mass (muscle belly) of the muscle, and they are usually aligned in accordance with the muscle fibers. To ensure reliability of this process, suitable bony landmarks are identified to ensure repeatability of the electrode placement. Furthermore, the use of a motor point finder facilitates accurate and correct placement. [43] [44] [45] Despite such problems, electromyography could be a useful tool of assessment for many podiatric medical interventions, although its use in podiatric medicine is not widespread.
However, Tomaro and Burdett 46 used surface electromyography to assess changes in muscle activity of the tibialis anterior, peroneus longus, and gastrocnemius muscles with and without foot orthotic intervention. Significant differences were noted in the duration of tibialis anterior muscle activity at heel strike in the orthotic device group, but no significant changes were identified with the other muscles.
Kinematics Kinematics Kinematics Kinematics
Kinematics measures the geometry of motion without considering the forces that cause the motion and can be two-dimensional Parotec, Paromed Medizintechnik GmbH, Munich). In-shoe systems eliminate the need for subject "targeting," 55 which has proven to be problematic with pressure and force plate systems. In addition, data can be collected outside of the gait laboratory. Although extremely useful, these systems detect vertical load and cannot record shear forces during walking. Despite such advantages, the physical presence of the insole can prove to be problematic in a variety of ways, thus contravening Kelvin's law, which states that the act of measurement or observation should not affect the quantity being measured or the behavior being observed. 56 In addition, Hennig et al 57 comment that trailing cables from data loggers or simply the thickness of the insole could alter the subject's gait pattern. However, with improvements in technology, the size and weight of the data loggers and the use of memory cards have reduced the chance of affecting the subject's gait pattern. The real advantage of an in-shoe pressure measurement system is to be able to see changes in gait patterns when custom foot orthoses are used in patient care. The use of this technology is in its infancy, but early evidence of its effectiveness has been published. 58 One of the interesting principles of pressure analysis involves the concept of weight transfer through the foot to the supporting surface. In-shoe sensor systems essentially measure the percentage of the vertical component of force at any given time in the step.
This takes into account that when the force applied is directly vertical to the area being measured, the load is greatest. Leading to peak load and then away from it would denote motion toward versus motion away from vertical. For example, the calcaneus reaches peak load by approximately 12% to 15% of the gait cycle. It then demonstrates a progressive decrease in load until heel-off becomes visible. The peak load coordinates with the point in time when the center of mass is directly over the calcaneus. As the center of mass advances during the step, the load under the calcaneus decreases as the vertical loading capacity diminishes while the orientation from absolute vertical changes. Consistent with this, when loads are constant, there is no change in motion. Should this occur during a step and under a specific weightbearing area of the foot, it would indicate that this particular segment would have momentarily stopped moving during this portion of the step.
This concept has been referred to as Sagittal Plane Facilitation Theory, and it is one of the newer ideas in podiatric medical biomechanical thinking. [59] [60] [61] [62] [63] [64] The Anecdotal experience is a composite of traditional podiatric medical practice and teaching, which may not represent the average case and, therefore, may be influentially biased in clinical decision making. As previously discussed, observational gait analysis is a common method used in podiatric medical practice because of its simplicity, rapidity, and low cost, but it is equally approached with caution because of its subjective nature and associated low interrater and intrarater reliability. 65, 66 Conversely, instrumented gait analysis identifies the fast, simultaneous motions that occur during walking that cannot be seen with the naked eye. In doing so, it provides a better understanding of both normal and pathologic gait and demonstrates good intrarater and interrater reliability. analysis has proven to be complex and challenging to many clinicians and researchers and requires additional training. 37, 40, 87 Investigators must be aware of the numerous potential sources of error during data collection, analysis, and interpretation. Such sources of error include the placement, size, and type of electrodes and markers; body structure; effects of age and different systemic pathologies; durability of equipment; calibration and artifact errors; and investigator bias. [87] [88] [89] Many centers that use instrumented gait analysis employ staff from various disciplines with differing levels of technical expertise. At present, there are no standardized protocols used for data collection, analysis, and interpretation. As a result, comparison between centers is difficult, with some analyses being subjected to as many interpretations as there are interpreters. [89] [90] [91] After reviewing some of the most salient aspects of instrumented gait analysis, we propose using the acronym STEP FORWARD to identify reasoned key strategic markers for the future direction of instrumented gait analysis with respect to podiatric medicine (Table   1 ). Although complete use of the proposed acronym may be limited owing to the financial and time constraints previously highlighted, it is hoped that the acronym can identify key aspects for a wide range of clinicians and researchers. Implementation of the acronym in health (podiatric medical) policies will not only enhance communication but also justify the use of instrumented gait analysis. The acronym not only highlights the use of the World Wide Web as an essential parameter for communication but also identifies its use as a salient educational tool. Overall, it is hoped that the proposed acronym will serve as an essential and adaptable tool for dialectic reasoning for using instrumented gait analysis for decision-making processes and evidence-based practice. The components of the acronym are detailed in the following subsections.
